TITLE OF THE INVENTION 

LOUDSPEAKER DIAPHRAGM 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[ 0001 ] The present invention relates to loudspeaker diaphragms 
and, more specifically, to a loudspeaker diaphragm for use in a 
loudspeaker which is expected to be reduced in thickness. 

10 Description of the Background Art 

[0002] In recent years, electronic devices, such as cellular 
phones and PDAs (personal digital assistants) , have been slimmed 
down and equipped with a larger screen, while still being expected 
to produce high-quality sound. Accordingly, loudspeakers 

15 incorporated in such electronic devices are similarly expected 
to be slimmed down and to still produce high-quality sound. To 
fulfill such expectations, rectangular- or oval-shaped slim 
loudspeakers have been suggested. 

[ 0003 ] FIGS . 1 2A and 1 2B are illustrations showing the structure 
20 of a conventional slim loudspeaker. FIG. 12A is a top plan view 
of the conventional slim loudspeaker, and FIG. 12B is a front 
elevational view thereof. In FIGS. 12A and 12B, the slim 
loudspeaker includes a magnet 901, a plate 902, a yoke 903, a 
housing 904, a cylinder- shaped coil 905 , and a diaphragm 906 shaped 
25 like an oval. Located on a center portion of the diaphragm 906 
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(the portion surround by the coil 905 affixed to the diaphragm 
906) is a dome-shaped portion 911 shaped like a semi-circle in 
cross section. Furthermore, located at an outer rim of the 
diaphragm 906 (a portion outside of a dotted line drawn on the 
5 diaphragm 906 of FIG. 12A) is an edge portion 912 shaped like a 
semi-oval in cross section. The edge portion 912 of the diaphragm 
906 is supported by the housing 904. Here, the diaphragm 906 is 
supported so that the coil 905 is inserted in a magnetic gap between 
the plate 902 and the yoke 903. 

10 [0004] In FIGS. 12A and 12B f the coil 905 is shaped like a circle 
when view from top. Therefore, it is difficult for the driving 
force of the coil to propagate in the direction of the length of 
the diaphragm 906 (in the horizontal direction in FIG. 12A) . To 
prevent this difficulty, the coil can be shaped like an oval, as 

15 is the diaphragm. With this shape, the rigidity of the diaphragm 
in the direction of the length thereof can be kept. In order to 
sufficiently ensure the rigidity of the diaphragm in a direction 
perpendicular to the direction of the length, on the other hand, 
the center portion of the diaphragm is strengthened shaped like 

20 a dome, as illustrated in FIG. 12B, or typically by a voice coil 
bobbin in the conventional slim loudspeakers. 

[0005] However, such a dome-like portion or a voice coil bobbin 
required to strengthen the center portion of the diaphragm 
disadvantageously increases the height at the center portion. 
25 Therefore, there is a limit in the conventional structure to slim 
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down the diaphragm. Moreover, particularly in the case of 
strengthening the diaphragm typically by a voice coil bobbin, a 
vibrating system of the loudspeaker is increased in mass, thereby 
decreasing pressure sensitivity. 
5 [0006] In the conventional structure of the diaphragm shaped 
like an oval or a rectangle, the elasticity in the vicinity of 
the center portion of the diaphragm is different from the elasticity 
in the vicinity of both ends of the width of the diaphragm. 
Specifically, the elasticity in the vicinity of the center portion 

10 is small, while the elasticity in the vicinity of both ends is 
large. As a result, the diaphragm performs a drum-like motion, 
in which a larger amplitude is observed at portions closer to the 
center portion (refer to FIG. 8). That is, it is not possible 
for the entire diaphragm to perform a piston motion. This causes 

15 a problem of degradation in sound pressure frequency 
characteristics . 

SUMMARY OF THE INVENTION 

[0007] Therefore , an object of the present invention is to 
20 provide a loudspeaker diaphragm capable of reducing the thickness 
of a loudspeaker. Another object of the present invention is 
provide a loudspeaker diaphragm capable of reproducing 
high-quality sound even when the diaphragm is shaped like an oval 
or a rectangle. 

25 [0008] The present invention has the following features to 



attain the objects mentioned above. That is, a first aspect of 
the present invention is directed to a loudspeaker diaphragm having 
a portion affixed with a coil (hereinafter simply referred to as 
a diaphragm) . The diaphragm includes an edge portion located 
5 outside of the portion affixed with the coil; and a center portion 
located inside of the portion affixed with the coil. The center 
portion is provided with a rib. 

[0009] According to the above, the height of the portion inside 
of the portion affixed to the coil (the center portion) can be 

10 suppressed to the height of the rib. Therefore, it is possible 
to conserve a space of a loudspeaker where the diaphragm is placed, 
thereby slimming down the loudspeaker . Furthermore , with the rib , 
the rigidity of the center portion can be improved without using 
a conventional solution of forming, for example, a dome shaped 

15 portion on the center portion. Therefore, according to the 
diaphragm, the loudspeaker can be slimmed down while maintaining 
the sound quality. 

[0010] When the edge portion includes a convex portion having 
a protruding shape in cross section, the rib has a height lower 

20 than a height of the edge portion in cross section. 

[0011] When the coil is shaped so as to extend along a first 
direction, a direction in which the rib is provided includes a 
component of a second direction perpendicular to the first 
direction. Here, "the coil is shaped so as to extend along a first 

25 direction" means that the coil is shaped in a rectangle or an oval, 



for example , having different lengths in the longitudinal direction 
and the horizontal direction. That is , the "first direction" means 
a long-diameter direction (the longitudinal direction in FIG. IB, 
for example), which will be described further below, while the 
5 "second direction" means a short -diameter direction, which will 
also be described further below. Here, the rib can be provided 
so as to extend along the second direction. Alternatively, a 
plurality of said ribs can be provided to form a lattice shape 
at a predetermined angle with respect to the first direction. 

10 [0012] According to the above, the rib is provided in the 
direction that includes a component of a direction perpendicular 
to the longitudinal direction , that is , the second direction . With 
this, the rigidity of the center portion in the second direction 
can be improved. Therefore, even if the coil has a shape having 

15 different lengths in the longitudinal direction and the horizontal 
direction when viewed from top , the sound quality can be maintained , 
and the loudspeaker can be slimmed down. 

[0013] Furthermore, the rib can be provided on a side of the 
portion affixed with the coil, and has a height lower than a height 

20 of the coil. In this case, the rib does not have an influence 
at all on the thickness of the diaphragm. Therefore, when designing 
a loudspeaker, the designer determines the height of the 
loudspeaker in consideration of only the thickness of the coil 
and the thickness of the edge portion. Therefore, the loudspeaker 

25 can be further slimmed down. 



[0014] Still further, the rib can be formed integrally with 
the center portion. Alternatively, the rib can be attached to 
the center portion. When the rib is integrally formed, the number 
of components is reduced. Also, since a process of attaching the 
5 rib to the center portion is not required, the number of assembling 
processes is reduced. 

[0015] A second aspect of the present invention is directed 
to a diaphragm having a portion affixed with a coil . The diaphragm 
includes an edge portion located outside of the portion affixed 

10 with the coil; and a center portion located inside of the portion 
affixed with the coil. The center portion is provided with a 
strengthening portion which is flat in cross section and is thicker 
than the edge portion . Here , " thicker than the edge portion" means 
that the thickness of a board forming the center portion is higher 

15 than the thickness of a board forming the edge portion (not the 
thickness of a convex portion provided on the edge portion) . 
[0016] According to the above, as with the first aspect, the 
rigidity of the center portion can be improved without using a 
conventional solution of forming, for example, a dome shape on 

20 the center portion. Therefore, according to the diaphragm of the 
second aspect , the loudspeaker can also be slimmed down while 
maintaining the sound quality. 

[0017] A third aspect of the present invention is directed to 
a diaphragm extending along a first direction. Here, a coil is 
25 affixed to a portion of the diaphragm and extends along the first 



direction . The diaphragm includes an edge portion located outside 
of the portion affixed with the coil; and a center portion located 
inside of the portion affixed with the coil. The edge portion 
has a shape so that an elasticity in the first direction is 
5 approximately equal to an elasticity in a second direction 
perpendicular to the first direction. 

[0018] According to the above, even when the coil has a shape 
having different lengths in the longitudinal direction and the 
horizontal direction when viewed from top, the amount of 

10 deformation by vibrations at the center portion of the diaphragm 
can be suppressed. Here, when the coil has the above -described 
shape, if no rib is provided, the elasticity of the edge portion 
in the vicinity of the center of the diaphragm is smaller than 
the elasticity thereof at both ends in the longitudinal direction. 

15 As a result, with vibrations, the amount of deformation of the 
diaphragm is larger at portions closer to the center portion . Such 
vibrations are totally different from those observed at the ideal 
piston motion. By contrast, according to the diaphragm of the 
third aspect, a rib, for example, is provided on a portion of the 

20 edge portion that extends in the first direction and is closer 
to the center portion of the diaphragm (refer to FIG. 7A, which 
will be described further below). With this, the elasticity of 
the edge portion at the portion provided with the rib becomes larger , 
thereby balancing the elasticity of the edge portion between the 

25 vicinity of the center portion of the diaphragm and both ends of 



the edge portion. As a result, vibrations become similar to those 
observed at the piston motion , thereby improving the sound quality . 
[0019] Furthermore, the edge portion can include a convex 
portion having a protruding shape in cross section and annularly 
5 surrounding the portion affixed with the coil. At this time, a 
height of a portion of the convex portion that is oriented in the 
first direction is made higher than a portion of the convex portion 
that is oriented in the second direction. With this, the balance 
in elasticity of the edge portion between the vicinity of the center 
10 portion of the diaphragm and both ends of the edge portion can 
be further improved . 

[0020] Still further, portions on the edge portion which are 
located on both sides of the coil with respect to a center axis 
of the coil in the first direction are each provided with a rib 

15 extending approximately in parallel with the second direction. 
[ 0021 ] Still further , in the above first through third aspects , 
the coil can be a printing voice coil formed integrally with the 
diaphragm. Also, the loudspeaker diaphragm can be molded after 
being formed integrally with the coil affixed thereto. 

20 [0022] Still further , in the above first through third aspects , 
at least part of a portion along an outer rim of the coil on the 
edge portion may protrude from a side of the portion affixed with 
the coil . With this , the coil can be stably affixed to the diaphragm . 
Furthermore, when the coil is affixed to the diaphragm with an 

25 adhesive , it is possible to prevent the adhesive from flowing toward 



the edge portion, 

[0023] Still further, the diaphragm can be provided so as to 
include the features of the first and third aspects , or the features 
of the second and third aspects. Still further, the loudspeaker 
5 diaphragms according to the first through third aspects can be 
provided as being incorporated in a loudspeaker. The loudspeaker 
includes a housing supporting the diaphragm; a voice coil affixed 
to the diaphragm; and a magnetic circuit. Furthermore, the 
magnetic circuit can include at least two magnets placed at both 

10 sides with respect to a vibrating direction of the diaphragm so 
as to sandwich the voice coil. Still further, said at least 
two magnets can be placed so as to be magnetized in directions 
opposite to each other with respect to a vibrating direction of 
the loudspeaker diaphragm. Still further, the diaphragms 

15 according to the first through third aspects can be provided as 
being included in an electronic device having the above -described 
loudspeaker. 

[0024] These and other objects, features, aspects and 
advantages of the present invention will become more apparent from 
20 the following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIGS. 1A through ID are illustrations showing the 
25 structure of a loudspeaker using a diaphragm according to 
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Embodiment 1 ; 

FIG. 2 is a graph showing sound pressure frequency 
characteristics of the loudspeaker using the diaphragm according 
to Embodiment 1; 

FIG. 3 is a cross section view of a diaphragm according 
to a modification example of Embodiment 1; 

FIG. 4 is an illustration showing one example of a member 
including ribs 202 when the ribs 202 are formed separately from 
a diaphragm 104; 

FIGS. 5A and 5B are illustrations showing a center 
portion of the diaphragm 104 according to modification examples 
of Embodiment 1 ; 

FIGS. 6A and 6B are cross section views of each rib 202; 

FIGS . 7A through 7C are illustrations showing a diaphragm 
according to Embodiment 2 ; 

FIG . 8 is a graph showing vibration modes of the diaphragm 
according to Embodiment 2; 

FIG. 9 is a plan view of a diaphragm according to a 
modification example of Embodiment 2; 

FIG . 10 is a cutaway view of a cellular phone incorporated 
with the loudspeaker using the diaphragm according to Embodiment 1 
or 2; 

FIG. 11 is a block diagram showing an outline of the 
configuration of the cellular phone incorporated with the 
loudspeaker using the diaphragm according to Embodiment 1 or 2; 
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and 

FIGS . 12A and 12B are illustrations showing the structure 
of a conventional slim loudspeaker. 



5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0026] (Embodiment 1) 

First, a loudspeaker diaphragm (hereinafter simply 
referred to as "diaphragm" ) according to Embodiment 1 of the present 
invention is described below with reference to FIGS . 1A through ID 
10 and FIG. 2. FIGS. 1A through ID are illustrations showing the 
structure of the loudspeaker using the diaphragm according to 
Embodiment 1. FIG. 2 is a graph showing sound pressure frequency 
characteristics of the loudspeaker using the diaphragm according 
to Embodiment 1 . 

15 [0027] FIG. 1A is a cross section view of the loudspeaker. In 
FIG. 1A, the loudspeaker includes a first magnet 101, a second 
magnet 102, a coil 103, a diaphragm 104, a first housing 105, a 
second housing 106, a first yoke 109, and a second yoke 110. The 
first housing 105 is provided with a first airhole 107 . The second 

20 yoke 110 is provided with a second air hole 108. Although not 
shown, the loudspeaker has an outer shape of a rectangular 
parallelepiped having a bottom surface shaped in a rectangle whose 
long side is 3.2 times longer than its short side. 
[0028] In FIG. 1A, the first and second magnets 101 and 102 

25 are shaped like rectangular parallelepipeds implemented by, for 



example, neodymium magnets whose energy product is 38MGOe. The 
first and second magnets 101 and 102 are magnetized in directions 
opposite to each other with respect to a vibrating direction of 
the diaphragm 104. For example, if the first magnet 101 is 
5 magnetized upwardly (in a direction from the second magnet to the 
first magnet) f the second magnet 102 is magnetized downwardly (in 
a direction from the first magnet to the second magnet ) . The first 
magnet 101 is fixed to the first yoke 109 and the second magnet 102 
is fixed to the second yoke 102 so that a symmetry axis x passes 

10 through the centers of both first and second magnets 101 and 102. 
The first yoke 109 is connected at its outer rim portion to the 
first housing 105, while the second yoke 110 is connected at its 
outer rim portion to the second housing 106 . The first and second 
yokes 109 and 110 are made of a magnetic material, such as iron. 

15 The first and second housings 105 and 106 are made of a non-magnetic 
material typified by a resin material, such as PC (polycarbonate) . 
[0029] The coil 103 is formed on the diaphragm 104 so that the 
center of the coil 103 coincides with the centers of the first 
and second magnets 101 and 10 2 , that is , the symmetry axis x passes 

20 through the center of the coil 103. In Embodiment 1, the coil 103 
is affixed by an adhesive to the diaphragm 104 . An outer rim portion 
of the diaphragm 104 is fixed between the first and second 
housings 105 and 106 so that the coil 103 is located equidistant 
from the first and second magnets 101 and 102. The second air 

25 hole 108 is provided on the second yoke 110. The first air hole 



107 is provided on one side surface of the first housing 105. 
[0030] FIG. IB is a top plan view of the diaphragm 104 and the 
coil 103 according to Embodiment 1. As illustrated in FIG. IB, 
the diaphragm 104 is shaped so as to extend along a predetermined 
5 direction (for example, a longitudinal direction in FIG. IB) . That 
is, the diaphragm 104 has a shape having different lengths in 
longitudinal and horizontal directions. Hereinafter, the 
longitudinal direction of the diaphragm 104 is referred to as a 
long-diameter direction, while a direction perpendicular to the 
10 long-diameter direction is referred to as a short -diameter 
direction . 

[0031] As described above, the diaphragm 104 is affixed with 
the coil 103. As with the diaphragm 104, the coil 103 is shaped 
so as to extend along the longitudinal direction in FIG. IB. 

15 Specifically, the coil 103 is shaped in a rectangle when viewed 
from top . The diaphragm 104 is composed of an outer portion located 
outside of an portion affixed with the coil 103 ( this outer portion 
is hereinafter referred to as "edge portion" ) and an inner portion 
located inside of the portion affixed with the coil 103 (this inner 

20 portion is hereinafter referred to as "center portion" ) . The edge 
portion is provided with a convex portion 201 ( located at an portion 
surrounded by dotted lines in FIG. IB) which has a protruding shape 
in cross section and surrounds the portion affixed with the coil 103 . 
Furthermore , the center portion is provided with ribs 202 extending 

25 along the short -diameter direction of the coil 103. With these 



ribs, the rigidity at the center of the diaphragm 104 in the 
short -diameter direction can be improved. 

[ 0032 ] FIG. ICisa A- A 1 cross section view of the center portion 
of the diaphragm 104 illustrated in FIG. IB. As illustrated in 
5 FIG. 1C, one or more ribs (thirteen, in FIG. 1C) are provided in 
Embodiment 1, being differently spaced apart from each other in 
the long-diameter direction. In the present embodiment, the ribs 
have the same height. Alternatively, the ribs can have different 
heights. In cross section in the A-A f direction, which is 

10 perpendicular to a direction to which each rib is oriented (in 
Embodiment 1, the short -diameter direction), each rib forms an 
inverted- V- shape , but can form any shape . Other than the portions 
provided with these ribs, the center portion of the diaphragm 104 
is flat in cross section. That is, the center portion of the 

15 diaphragm 104 is structured by a flat plate having thereon the 
ribs integrally formed. 

[0033] FIG. ID is a B-B 1 cross section view of the diaphragm 104 
illustrated in FIG. IB. As illustrated in FIG. ID, each rib 202 
is provided on the same surface (that is, each rib 202 protrudes 

20 from the same surface) to which the coil 103 is affixed and from 
which the convex portion 201 protrudes. The ribs 202 are lower 
in height than the convex portion 201, and are approximately equal 
in height to the coil 103. Therefore, when the diaphragm 104 
according to Embodiment 1 is designed to be used for a loudspeaker, 

25 the thickness of the center portion of the diaphragm 104 does not 
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have to be particularly taken into consideration. Thus, the 
loudspeaker can be made thinner compared with a case where the 
center portion is shaped like a dome. 

[0034] The convex portion 201 has a protruding shape in cross 
5 section. Specifically, although shaped like a semi-circle in 
cross section in Embodiment 1 , the convex portion 201 can be shaped 
like another shape, such as a wavy shape or an oval shape. 
Furthermore, in cross section in the B-B' direction to which each 
rib is oriented (in Embodiment 1, the short -diameter direction) , 

10 the rib 202 is shaped in a trapezoid. Alternatively, the rib 202 
can have another shape, such as a semi -circle , an inverted- V- shape, 
or an oval. Also, the side on which the ribs 202 are provided 
can be a side from which the convex portion 201 protrudes (an upper 
side in FIG. ID) , or can be a side opposite thereto (a lower side 

15 in FIG. ID) . 

[0035] The operation and effect of the above-structured 
loudspeaker is described below. With the above-mentioned 
structure, a magnetic field is formed by the first and second 
magnets 101 and 102 and the first and second yokes 109 and 110. 

20 The coil 103 is placed so that a maximum magnetic flux density 
is obtained in a magnetic gap G (refer to FIG. 1A) . An alternating 
current electric signal supplied to the coil 103 produces a driving 
force. With the produced driving force, the coil 103 and the 
diaphragm 104 affixed therewith are vibrated, thereby producing 

25 sound. 



[0036] When the diaphragm 104 is vibrated, the rigidity of the 
diaphragm 104 in the long-diameter direction is kept by the coil 103 . 
The rigidity thereof in the short -diameter direction, on the other 
hand, would be lower than that in the long-diameter direction if 
5 the ribs 202 had not been provided, because the coil 103 is shaped 
in a rectangle. However, with the ribs 202 being provided in the 
short -diameter direction, the rigidity of the diaphragm 104 in 
the short -diameter direction is improved. Consequently, a 
vibration mode occurring in the short -diameter direction is 

10 suppressed, thereby increasing a upper limiting frequency. 

[0037] FIG. 2 illustrates sound frequency characteristics in 
a case where the ribs 202 are provided and in a case where those 
are not. As illustrated in FIG. 2, with the ribs 202 being provided, 
the upper limiting frequency is improved to be 10kHz, which is 

15 higher than a upper limiting frequency in the case where the ribs 
202 are not provided(in that case, approximately 4.5kHz in FIG. 
2 ) . As such, with the ribs 202 being provided on the center portion 
of the diaphragm 104, the rigidity of the center portion in the 
short -diameter direction can be improved without forming the center 

20 portion to be in a dome-like shape or providing a voice coil bobbin 
to the center portion. 

[0038] As described above, according to Embodiment 1, the 
rigidity of the center portion of the diaphragm 104 can be kept 
by the ribs 202 . Therefore, sound reproduction in high frequencies 
25 can be ensured. Furthermore, with the use of the ribs 202, the 



thickness of the center portion of the diaphragm 104 can be reduced, 
compared with conventional diaphragms. Therefore, according to 
Embodiment 1, it is possible to slim down the loudspeaker itself 
while maintaining the quality of sound. 
5 [0039] In Embodiment 1, the diaphragm 104 and the coil 103 are 
each shaped like a rectangle when viewed from top. In another 
embodiment, the diaphragm 104 and the coil 103 each can be in a 
shape, such as a square, with a side in a longitudinal direction 
is equal to a side in a horizontal direction, when viewed from 

10 top. Even in such a shape of the diaphragm 104, the rigidity can 
be increased by providing one or more ribs to the center portion. 
Furthermore, the diaphragm 104 and the coil 103 each can be shaped 
like an oval. Still further, the diaphragm 104 and the coil 103 
are not required to have the same shape. 

15 [0040] In Embodiment 1, the rigidity is improved by providing 
the ribs 202 to the center portion of the diaphragm 104. 
Alternatively, the rigidity can be improved by increasing the 
thickness of the diaphragm 104 through, for example, a scheme 
capable of changing thickness with places or a scheme of adding 

20 a film. FIG. 2 also illustrates sound frequency characteristics 
in a case where the thickness of the center portion is made twice 
as thick as the thickness of the other portions (for example, the 
convex portion 201) . As illustrated in FIG. 2, with the thickness 
of the center portion being doubled, the upper limiting frequency 

25 is improved to be 7kHz, compared with a case where the thickness 
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is not changed (which is same as the case where the ribs 202 are 
not provided; approximately 4.5kHz) As such, by increasing the 
thickness of the center portion more than that of the other portions , 
the sound quality can also be maintained, to some extent. Also, 
5 with this structure, the loudspeaker can be slimmed down. In this 
scheme of increasing the thickness of the center portion, as the 
thickness is increased more, the rigidity can be improved more. 
Note that, however, as the thickness is increased more , the weight 
of the diaphragm is also increased, thereby reducing the sound 

10 pressure level. 

[0041] FIG. 3 is a section view of the diaphragm according to 
amodif icat ion example of Embodiment 1. In Embodiment 1, the bottom 
plane of the convex portion 201 coincides with the bottom plane 
of the ribs 202 (refer to FIG. ID) . In the modification example, 

15 both of the bottom planes do not have to coincide with each other. 
Also, in FIG. 3, a fixing rib 203 is provided along the outer rim 
of the portion affixed with the coil 103. The fixing rib 203 is 
formed so as to project from the surface where the coil 103 is 
affixed. With the fixing rib 203 , the coil 103 can be stably affixed 

20 to the diaphragm. Furthermore, when the coil 103 is affixed to 
the diaphragm with an adhesive, the fixing rib 203 can prevent 
the adhesive from flowing toward the convex portion 201. Note 
that the fixing rib 203 is provided to at least part of a portion 
along an outer rim of the coil 103 on the edge portion. Also, 

25 the fixing rib 203 can have any shape as long as it protrudes from 
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a side of the portion affixed with the coil 103. 
[0042] In Embodiment 1, the diaphragm 104 can be formed 
integrally with the ribs 202 and other portions, or can be formed 
separately from those ribs 202 . FIG. 4 is an illustration showing 
5 one example of a member including the ribs 202 which is formed 
separately from the diaphragm 104. A member 204 illustrated in 
FIG. 4 is affixed to the diaphragm 104 whose center portion is 
flat in cross section, thereby forming the diaphragm 104 having 
the ribs 202 on the center portion. 

10 [0043] Furthermore, in Embodiment 1, the ribs 202 are provided 
so as to extend in the short -diameter direction on the diaphragm 104 . 
In modification examples, the direction in which the ribs 202 are 
provided is not restricted to the above. When the shape of the 
coil viewed from top has different sides in longitudinal and 

15 horizontal directions, the ribs 202 are provided so as to extend 
in a direction including a component of the short -diameter 
direction, thereby improving the rigidity in the short -diameter 
direction. FIGS. 5A and 5B are illustrations showing the center 
portion of the diaphragm 104 in modification examples. As 

20 illustrated in FIG. 5A, the ribs 202 can be provided at a 
predetermined angle (45 degrees, in FIG. 5A) with respect to the 
short -diameter direction. Alternatively, as illustrated in 
FIG. 5B, the ribs 202 can be provided so as to form a lattice shape 
at a predetermined angle with respect to the short -diameter angle . 

25 [0044] FIGS. 6A and 6B are cross section views of each rib 202. 



Each rib can be hollow as illustrated in FIG. 6A, or can be dense 
with a substance (unhollow) . 
[0045] (Embodiment 2) 

A diaphragm according to Embodiment 2 of the present 
invention is described below with reference to FIGS . 7A through 7C 
and FIG. 8. FIGS. 7A through 7C are illustrations showing the 
diaphragm according to Embodiment 2. FIG. 8 is an illustration 
showing vibration modes of the diaphragm according to Embodiment 2 . 
As with Embodiment 1, the diaphragm according to Embodiment 2 is 
used as being connected to a loudspeaker, although not shown. 
Furthermore, in Embodiment 2, the components identical to those 
in Embodiment 1 are provided with the same reference numerals . 
[0046] FIG. 7A is a top plan view of the diaphragm according 
to Embodiment 2. As illustrated in FIG. 7A, the diaphragm 301 
is shaped so as to extend in the longitudinal direction in FIG. 7A. 
That is, as with the diaphragm 104, the diaphragm 301 has a shape 
having different lengths in the longitudinal direction and the 
horizontal direction . 

[0047] The diaphragm 301 is different from the diaphragm 104 
in that ribs 303 are provided on the convex portion 302. As 
illustrated in FIG. 7A, the ribs 303 are provided on portions of 
the convex portion 302 that are oriented in the long-diameter 
direction (the longitudinal direction in FIG. 7A) . Also, the 
ribs 303 are provided so as to extend along the short -diameter 
direction (the horizontal direction in FIG. 7A) . The center 

20 



portion and other portions of the diaphragm 301 are identical to 
those of the diaphragm 104 . 

[0048] FIG. 7BisaC-C cross section view of the diaphragm 301 
illustrated in FIG. 7A. In FIG. 7B, only the portion provided 
5 with the ribs 303 are illustrated. As illustrated in FIG. 7B, 
one or more ribs (eleven, in FIG. IB) are provided in Embodiment 2, 
being differently spaced apart from each other in the long-diameter 
direction . In the present embodiment , the ribs have the same depth . 
In cross section, each rib forms a V-shape, but can form any shape. 

10 [0049] FIG. 7C is a D-D 1 cross section view of the diaphragm 301 
illustrated in FIG . 7A. In FIG. 7C, portions like semi-ovals drawn 
by dotted curved lines represent the surface of the convex 
portion 302. The cord of each semi-oval represented by a solid 
line represents a lower side of each rib 303 forming the tip of 

15 the V-shape. That is, each rib 303 is provided so as to have a 
predetermined depth from the top of the assumed surface of the 
semi -oval convex port ion 302 . Other than the rib 303 being provided, 
FIG. 7C is similar to FIG. ID. 

[0050] As described above, with the ribs 303 being provided 
20 on the convex portion 302 , the elasticity of the convex portion 302 
can be changed. Specifically, with the ribs 303 being provided 
to a portion on the convex portion 302 closer to the center of 
the diaphragm 301, the elasticity of the convex portion 302 can 
be increased. 

25 [0051] FIG. 8 is a graph showing vibration modes of the diaphragm 



with respect to the long- diameter direction at the time of producing 
sound of 250Hz. Illustrated in FIG. 8 are vibration modes of the 
diaphragm 301 provided with the ribs 303 on the convex portion 302 
(represented as "with rib" in FIG. 8) and those of a diaphragm 301 
5 without ribs (represented as "without rib" in FIG. 8). 

[0052] As illustrated in FIG. 8, as for the diaphragm without 
ribs on the convex portion, there is a large difference in the 
amount of deformation between the vicinity of the center of the 
diaphragm and both ends (in the long-diameter direction) of the 

10 diaphragm. This is because, without ribs on the convex portion, 
the elasticity of the convex portion in the vicinity of the center 
of the diaphragm is not balanced with the elasticity thereof far 
away from the center of the diaphragm. That is, in the vicinity 
of the center of the diaphragm , the elasticity of the convex portion 

15 is small , and therefore the amount of deformation therein is large . 
At both ends of the diaphragm, on the other hand, the elasticity 
of the convex portion is large, and therefore the amount of 
deformation at those ends is small . For this reason , the diaphragm 
is vibrated in a mode totally different from the ideal piston motion , 

20 thereby even affecting sound pressure frequency characteristics . 
[0053] By contrast, as for the diaphragm 301, the difference 
in the amount of deformation between the vicinity of the center 
of diaphragm and both ends thereof is small. This is because, 
with the ribs 303 being provided on the convex portion 302, the 

2 5 balance in elasticity of the convex portion between the vicinity 

22 



of the center of the diaphragm and portions far away from the center 
portion is improved. That is, in the vicinity of the center of 
the diaphragm, the elasticity of the convex portion 302 is increased 
by the ribs 303, thereby suppressing the amount of deformation. 
5 Consequently, the entire diaphragm 301 can be vibrated in a mode 
similar to the piston motion , thereby improving the sound pressure 
frequency characteristics. 

[0054] As described above, according to Embodiment 2, with the 
ribs being provided on the convex portion, the elasticity of the 

10 entire convex portion can be balanced even when the diaphragm has 
a shape having different lengths in the longitudinal direction 
and the horizontal direction. This leads to an improvement in 
sound quality . Furthermore, as illustrated in FIG . 8, the amount 
of deformation of the center of the diaphragm can be suppressed. 

15 Therefore, components of the loudspeaker, such as the first and 
second magnets 101 and 102 illustrated in FIG. 1A, can be placed 
closer to the diaphragm. That is, the loudspeaker can be slimmed 
down . 

[0055] In modification examples of Embodiment 2, the convex 
20 portion 302 is further provided with one or more tangential ribs. 
FIG . 9 is a top plan view of a diaphragm according to one modification 
example. As illustrated in FIG. 9, tangential ribs 304 are provided 
on portions located at both ends of the convex portion 302 in the 
long-diameter direction. Those tangential ribs extend so as to 
25 be differently oriented from each other. As such, with the 



tangential ribs 304 being provided on the portions located far 
away from the center of the diaphragm, the elasticity of those 
portions can be reduced. Thus, it is possible to further improve 
the balance in elasticity of the convex portion 302 . As described 
5 above, in the modification example, with the tangential ribs added 
together with the ribs, the elasticity of the entire convex 
portion 302 can be adjusted. 

[0056] In Embodiment 2, the height of the convex portion 302 
is constant at any portion. Alternatively, by partially changing 

10 the height , the elasticity of the convex portion 302 can be adjusted. 
Specifically, of the convex portion 302, the height of a portion 
closer to the center of the diaphragm is made higher, while the 
height of a portion far away from the center thereof is made lower. 
With this, it is also possible to adjust the elasticity of the 

15 entire convex portion 302. 

[0057] Furthermore, as with Embodiment 1, a fixing rib (refer 
to FIG. 3) can be provided to the diaphragm of Embodiment 2. With 
such a fixing rib being provided, as with Embodiment 1, the coil 
can be stably affixed to the diaphragm. Still further, when the 

20 coil 103 is affixed to the diaphragm with an adhesive, the fixing 
rib 203 can prevent the adhesive from flowing toward the convex 
portion 201. 

[0058] In Embodiments 1 and 2, the coil 103 is implemented by 
a winding coil. Alternatively, by way of example, a print coil 
25 can be used, which is obtained through printing by etching the 



diaphragm (made from polyimide, for example) coated in advance 
with copper. Also, the coil 103 can be shaped like an oval. 
[0059] Furthermore, in Embodiments 1 and 2, the diaphragm 104 
and the coil 103 are formed by affixing the coil 103 to the 
5 diaphragm 104 that have been formed integrally with the ribs. 
Alternatively, the diaphragm 104 can be molded after the coil 103 
is affixed to the diaphragm 104. This is preferable particularly 
when the above-mentioned print coil is used. Still further, in 
Embodiments 1 and 2, the coil 103 is affixed on one side of the 
10 diaphragm 104. Alternatively, two coils 103 can be affixed on 
both sides of the diaphragm 104. 

[ 0060 ] The material of the diaphragm according to Embodiment 1 
or 2 can be, for example, PEI (polyetherimido) , paper, or PEN 
(polyethylene naphthalate) , depending on characteristics sought 

15 to be obtained. 

[0061] Still further, the edge portion is provided with the 
convex portion in Embodiments 1 and 2, but may not be provided 
with the convex portion. That is, the edge portion may be flat 
in cross section. In this case, the ribs 303 in Embodiment 2 are 

20 also provided at locations similar to those provided when the convex 
portion is provided. 

[0062] Still further, in Embodiments 1 and 2, descriptions have 
been made to the diaphragm according to the present invention are 
used for a loudspeaker whose two magnets sandwiches the diaphragm. 
25 Alternatively, the diaphragm according to the present invention 



can be used for another loudspeaker typified by a loudspeaker having 
amagnetic circuit of another type , such as an outer- or inner-magnet 
type, or a loudspeaker of a driving type. Still further, a 
loudspeaker using the diaphragm according to the present invention 
5 can be easily slimmed down. Therefore, such a loudspeaker can 
be effectively used for an electronic device, such as a cellular 
phone or a PDA. 

[0063] Descriptions are now made to a cellular phone, which 
is one example of an electronic device incorporated with a 
10 loudspeaker using the diaphragm of Embodiment 1 or 2 . FIG. 10 
is a cutaway view of the cellular phone 401. FIG. 11 is an 
illustration showing an outline of the configuration of the 
cellular phone. 

[0064] In FIG. 10, a cellular phone 401 includes a housing 402 , 
15 a sound aperture 403 provided on the housing 402, and a 
loudspeaker 404 using the diaphragm of Embodiments 1 or 2. The 
diaphragm of the loudspeaker 404 is provided so as to be opposed 
to the sound aperture 403 inside the housing 402. 
[0065] In FIG. 11, the cellular phone 401 includes an 
20 antenna 501, a transmitting and receiving circuit 502, a ringing 
signal generating circuit 503, the loudspeaker 404, and a 
microphone 505. The transmitting and receiving circuit 502 
includes a demodulating section 5021, a modulating section 5022 , 
a signal switching section 5023, and a message recording 
25 section 5024. 



[0066 ] The antenna 501 receives a modulated electric wave output 
from the nearest base station. The demodulating section 5021 
demodulates the modulated wave supplied from the antenna 501 to 
a receive signal for supply to the signal switching section 5023. 
5 The signal switching section 5023 is a circuit for switching signal 
processing in accordance with the receive signal. That is, if 
the receive signal is a call signal, the receive signal is given 
to the ringing signal generating circuit 503 . If the receive signal 
is a voice signal , the receive signal is given to the loudspeaker 404 . 

10 If the receive signal is a voice signal representing a message 
to be recorded, the receive signal is give to the message recording 
section 5024. The message recording section 5024 is implemented 
typically by a semiconductor memory. When the power is ON, the 
message is recorded in the message recording section 5024. When 

15 the cellular phone is located outside of a service area or the 
power is OFF, the message is stored in a recording device at the 
base station . The ringing signal generating circuit 503 generates 
a ringing signal for supply to the loudspeaker 404. 
[0067] As with conventional cellular phones, the small- sized 

20 microphone 505 is provided. The modulating section 5022 is a 
circuit for modulating a dial signal or a voice signal converted 
by the microphone 505 for output to the antenna 501. 
[0068] The operation of the above -structured cellular phone 
is described below. An electric wave output from the base station 

25 is received by the antenna 501, and is then demodulated by the 



demodulating section 5021 to a baseband receive signal. Upon 
detection of a ringing signal in the incoming call signal, the 
signal switching section 5023 outputs the incoming call signal 
to the ringing signal generating circuit 503 in order to notify 
5 the cellular phone user of the incoming call. 

[0069] Upon reception of the incoming call signal, the ringing 
signal generating circuit 503 outputs a ringing signal of simple 
tone or complex tone in an audible frequency band. The user hears 
ringing sounds produced from the loudspeaker 404 through the sound 

10 aperture 403 to know the incoming call. 

[0070] When the user enters an off -hook mode, the signal 
switching section 5023 adjusts the level of the receive signal, 
and then outputs the voice signal directly to the loudspeaker 404 . 
The loudspeaker 404 then serves as a receiver or a loudspeaker 

15 to reproduce voice signals. 

[0071] The user's voice is collected by the microphone 505, 
converted to an electric signal , and is then supplied to the 
modulating section 5022. The voice signal is modulated with a 
predetermined carrier for output from the antenna 501. 

20 [0072] If the cellular phone user has turned the power ON and 
set an answering function ON, a message is recorded in the message 
recording section 5024. If the user has turned the power OFF, 
the message is temporarily stored in the base station. When the 
user requests for replay of the message through key operations, 

25 the signal switching section 5023 responds to this request to obtain 



the message recorded in the message recording section 5024 or the 
base station. The signal switching section 5023 adjusts the 
obtained voice signal to an audible level for output to the 
loudspeaker 404. The loudspeaker 404 then serves as a receiver 
5 or a loudspeaker to output the message. 

[ 0073 ] In the above example , the loudspeaker is directly mounted 
on the housing. Alternatively, the loudspeaker can be mounted 
on a board incorporated in the cellular phone . Still alternatively , 
the loudspeaker can be mounted to another type of electronic device 

10 to achieve operations and effects similar to those above. 

[0074] While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifications 
and variations can be devised without departing from the scope 

15 of the invention. 
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